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DESCRIPTION 

ORGANIC LIGHT-EMITTING DEVICE 

5 TECHNICAL FIELD 

The present invention relates to an organic 
light-emitting device, particularly to a device' that 
emits light with the aid of the application of an 
electric field to a thin film comprised of an organic 
10 compound. 

BACKGROUND ART 

An organic light-emitting device is a device in 
which a thin film containing a fluorescent organic 

15 compound is sandwiched between an anode and a cathode. 
In the device produces, an exciton of the fluorescent 
compound is produced by injecting an electron or a 
hole from each of the electrodes and the light 
radiated when the exciton returns to the ground state 

20 is utilized. 

In a research by Eastman KodaJc Company in 1987 
(Appl. Phys. Lett. 51, 913 (1987)), there is reported 
a light emission of about 1,000 cd/m^ at an applied 
voltage of about 10 V for a device of separated- 

25 function two-layered structure using ITO for anode, a 
magnesium-silver alloy for cathode, respectively, an 
aluminum-quinolinol complex as an electron- 
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transporting rtiaterial, and a light-emitting material 
and a triphenyl amine derivative as a hole 
transporting material. Related patents include U.S. 
Patent No. .4,539,507; U.S. Patent No. 4,720,432 and 
5 O.S* Patent No. 4,885,211. 

Light-emission from ultraviolet to infrared is 
possible by changing a kind of the fluorescent 
organic compounds and researches of various compounds 
therefor have been conducted actively recently. For • 

10 example, they are described in U.S. Patent No. 

5,151,629; U.S. Patent No. 5,409,783; U.S. Patent No. 
5,382,477; Japanese Patent Application Laid-Open No. 
H02-247278; Japanese Patent Application Laid-Open No. 
H03-255190; Japanese Patent Application Laid-Open No. 

15 H05-202356; Japanese Patent Application Laid-Open No. 
H09-202878 and Japanese Patent Application Laid-Open 
No. H09-227576. 

Besides other than the organic light-emitting 
device using monomer ic materials as described above, 

20 an organic light-emitting device using a conjugated 
polymer has been reported by a group of Cambridge 
University (Nature 347, 539 (1990)). In this report, 
the light-emission in a monolayer by forming a film 
of polyphenylenevinylene in a coating system is 

25 confirmed. The related patents on organic light- 
V emitting devices using conjugated polymers include 

U.S. Patent No. 5,247,190; U.S. Patent No. 5,514,878; 
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U.S. Patent No. 5,672,678; Japanese Patent 
Application Laid-Open No. H04-145192 and Japanese 
Patent Application Laid-Open No. H05-247460. 

Thus, recent progress in organic light-emitting 
5 devices is remarkable, and possibilities for a wide 
range of applications are indicated since it is 
characterized in that a thin and light-weight light- 
emitting device having high luminance at a low 
applied-voltage, diversity of light-emitting 
10 wavelength and high-speed response can be prepared. 

However, there are numbers of problems in terms 
of durability such as the variation with time during 
use for a long period of time and the deterioration 
due to an atmospheric gas containing oxygen or 
15 humidity. Moreover, a light output of higher 
luminance, high conversion efficiency and the 
emission of blue, green and red light having high 
color purity are required under present circumstances 
in terms of applications such as a full-color display. 
20 For example, Japanese Patent Application Laid- 

Open No. 2001-52868 discloses a diamine compound as a 
light-emitting material, but any emission of blue 
light with high color purity (chromaticity 
coordinates: x, y=0,14-0.15, 0.09-0.10) is not 
25 obtained. Japanese Patent Application Laid-Open No. 
Hll-312587 discloses an example using a similar 
diamine backbone, but any emission of blue light with 
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high color purity is not obtained. 

DISCLOSURE OF THE INVENTION 

The present invention has been created to solve 
these problems of prior art, and it is an object of 
the present invention to provide an organic light- 
emitting device that exhibits the hue of light 
emission having extremely high purity and has a light 
output having high luminance and long life with a 
high degree of efficiency and further to provide an 
organic light-emitting device that is easily produced 
and can be prepared at a relatively low cost. 

According to aYi aspect of the present invention, 
there is provided an organic light-emitting device 
comprising a pair of electrodes consisting of an 
anode and a cathode and an organic compound- 
containing layer sandwiched between the pair of 
electrodes, wherein at least one layer of said 
organic compound-containing layers contains at least 
one compound selected from the group consisting of 
compounds ' represented by general formula [1]: 




wherein 
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Yi and Y3 can be bonded to Y2 and Y4 respectively 
to form a ring, and Xi and X3 can be bonded to Yi 
and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

5 Xi, X2 and X3 are the same or different and are 

each independently a direct bond or a divalent group 
selected from the group consisting of alkylene, 
aralkylene, arylene, divalent- heterocyclic, 
alkenylene, imino, -SiH2-, silylene, carbonyl, ether 
10 and thioether, each having no substituent or a 
substituent which can include a linking group 
consisting of arylene or divalent- heterocyclic, each 
having no substituent or a substituent; 

Yi to Y4 are the same or different and are each 
15 independently a group selected from the group 

consisting of alkyl, aralkyl, aryl, heterocyclic, 
amino, silyl, alkylene, aralkylene, alkenylene, imino, 
-SiH2-, silylene, carbonyl, ether and thioether, each 
having no substituent or a siibstituent which can 
20 include a linking group consisting of arylene or 

divalent heterocyclic, each having no substituent or 
a substitutent; 

Ri to Ra are the same or different and are each 
independently hydrogen, halogen or a group selected 
25 from the group consisting of alkyl, aralkyl and aryl, 
each having no substituent or a substitutent; and 
m+n is an integer from 0 to 10, and 
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at least one compound selected from the group 
consisting of compounds represented by general 
formulas [2] to [6] : 

5 wherein Arx to Ars are the same or different and are 
each independently hydrogen or a group selected from 
the group consisting of aryl, heterocyclic, alkyl and 
aralkyl/ each having no substituent or a svibstituent; 
and R9 to Rii are the same or different and are 
10 hydrogen, halogen, cyano, a substituted amino or a 
group selected from the group consisting of alkyl, 
aralkyl and amino, each having no substituent or a 
siibstituent, and; 



15 



Ar4 

Ar5-^|-A/Ri3 

?! 6 



[3] 



wherein Ar4 to Ar7 are the same or different and are 
each independently a group selected from the group 
consisting of aryl and heterocyclic, each having no 
substituent or a substituent; and R12 and Rx3 are the 
20 same or different and are hydrogen, halogen, cyano, a 
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substituted amino or a group selected from the group 
consisting of alkyl and aralkyl, each having no 
substituent or a substituerit; 



5 wherein Are to Ari2 are the same or different and are 
each independently a group selected from the group 
consisting of aryl and heterocyclic^ each having no 
substituent or a substituent; and R14 is hydrogen, 
halogen, cyano, a substituted amino or a group 
10 selected from the group consisting of alkyl, aralkyl, 
aryl and heterocyclic, each having no substituent or 
a substituent; 



15 wherein Aria to Arie are the same or different and are 
each independently a group selected from the group 
consisting of aryl and heterocyclic, each having no 
svibstituent or a substituent, and any one to three of 




^^8 




Arii 




[5] 



wo 2004/020548 



PCT/JP2003/010782 



Am to Ari6 can be hydrogen or a group selected from 
the group consisting of alkyl and aralkyl, each 
having no substituent or a substituent; and Ris to Ris 
are the same or different and are hydrogen, halogen, 
cyano, a substituted amino or a group selected from 
the group consisting of alkyl, aralkyl, aryl and 
heterocyclic, each having no substituent or a 
substituent; 



10 



20 



Wherein Ris and R20 are the same or different and are 
hydrogen or a group selected from the group 
consisting of alkyl, aralkyl and aryl, each having no 
suisstituent or a substituent; any pair of R19 combined 
15 to their respective fluorene structures are the same 
or different to each other; any pair of R20 combined 
to their respective fluorene structures are the same 
or different to each other; R21 to R24 are hydrogen, 
halogen, cyano, a substituted silyl or a group 
selected from the group consisting of alkyl, aralkyl 
and alkoxy, each having no substituent or a 
svibstituent; and p is an integer from 2 to 10. 

In the organic light-emitting device of the 
present invention, the layer that contains the 
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compound represented by general formula [1] and the 
compound represented by any of general formulas [2] 
to [6] is preferably a light-emitting layer. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating one 
example of the organic light-emitting device 
according to the present invention; 

Fig. 2 is a sectional view illustrating another 
10 example of the organic light-emitting device 
according to the present invention; 

Fig. 3 is a sectional view illustrating another 
example of the organic light-emitting device 
accoxding to the present invention; 
15 Fig. 4 is a sectional view illustrating another 

example of the organic light-emitting device 
according to the present invention; 

Fig. 5 is a sectional view illustrating another 
example of the organic light-emitting device 
20 according to the present invention; and 

Fig. 6 is a sectional view illustrating another 
example of the organic light-emitting device 
according to the present invention. 



25 



BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will now be described in 
detail. 
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The compounds represented by the above general 
formulas [1] to [6] of the present invention will be 
first described. 

The compounds represented by the general 
5 formulas [1] to [6] according to the present 

invention can be used mainly as a material for an 
organic light-emitting device • In the compound [1]^ 
an emission spectrum having a narrower half-value 
width, that is, the emission having better color 

10 purity can be obtained by introducing a relatively 

rigid structure such as a p-phenylene skeleton into a 
main molecular chain. Moreover, as the Stokes shift 
can be suppressed, it is also possible to suppress 
the transfer of light-emitting wavelength and bring 

15 the absorption to a longer wavelength side. When 

used as a dopant material, it is also possible to use 
a host material having an emission spectrum at a 
relatively longer wavelength side. Each of the 
compounds represented by the general formulas [1] to 

20 [6] can be used for both purposes, a dopant material 
and a host material, in a light-emitting layer, and a 
device having high color purity, high liominous 
efficiency and long life can be obtained. In 
particular, use of the compound represented by the 

25 general formula [1] as a dopant material in 

combination with any compound represented by the 
general formulas [2] to [6] that is a suitable host 
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material that easily causes energy transfer allows 
the emission with high color purity to be maintained 
and a device having better efficiency to be obtained. 
The concentration of the dopant relative to the host 
5 material is preferably 0.01 to 50% by weight, more 
preferably 0.5 to 10% by weight. 

Specific examples of the substituents in the 
above general formulas [1] to [6] are shown below. 

Examples of substituted or unsubstituted chain 
10 and cyclic alkyl groups include methyl, ethyl, n- 

propyl, n-butyl, n-hexyl, n-decyl, iso-propyl, iso- 
butyl, tert-butyl, tert-octyl, trif luoromethyl, 
cyclohexyl and cyclohexylmethyl, but not limited 
thereto. 

15 Examples of substituted or unsubstituted 

aralkyl groups include benzyl and phenetyl, but not 
limited thereto. 

Examples of substituted or unsubstituted aryl 
groups include phenyl, 4-methylphenyl, 4- 

20 methoxyphenyl , 4-ethylphenyl, 4-f luorophenyl, 3,5- 

dimethylphenyl, triphenylamino, biphenyl, terphenyl, 
naphthyl, anthracenyl, phenanthrenyl, pyrenyl, 
tetracenyl, pentacenyl^ fluorenyl/ triphenylenyl and 
perylenyl, but not limited thereto. 

25 Examples of substituted or unsubstituted 

heterocyclic groups include pyrrolyl, pyridyl, 
bipyridyl, methylpyridyl, terpyrrolyl, thienyl. 
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terthienyl, propyl thienyl, furylr quinolylr 
carbazolyl, oxazolyl, oxadiazolyl, thiazolyl and 
thiadiazolyl, but not limited thereto- 

Examples of substituted or unsubstituted 
5 alkylene groups include methylene, ethylene, 

propylene, iso-propylene, butylene, tert-butylene, 
hexylene, heptylene, cyclohexylene and 
cyclohexylmethylene, but not limited thereto. 
Examples of substituted or unsubstituted 
10 aralkylene groups- include benzylene, phenylethylene 
and phenethylene, but not limited thereto. 

Examples of substituted or unsubstituted 
arylene groups include phenylene, biphenylene, 
2, 3/5, 6-tetrafluorophenylene, 2, 5-dimethylphenylene, 
15 naphthylene, anthracenylene, phenanthrenylene, 

tetracenylene, pentacenylene and perylenylene, but 
not limited thereto. 

Examples of substituted or unsubstituted 
divalent heterocyclic groups include furanylene, 
20 pyrrolylene, pyridinylene, terpyridinylene, 

thiophenylene, terthiophenylene, oxazolylene, 
thiazolylene and carbazolylene, but not limited 
thereto 

Examples of substituted or unsubstituted 
25 alkenyl groups include vinyl, allyl (2-propenyl) , 1- 
propenyl, iso-propenyl and 2-butenyl, but not limited 
thereto . ♦ 
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Examples of substituted or unsubstituted amino 
groups include amino, methylamino, ethylamino, 
dime thy lamino, diethylamino, methyl e thy lamino, 
benzylamino, methylbenzylamino, dibenzylamino, 
5 anilino, diphenylamino, phenyl tolylaiaino, 

ditolylamino and dianisolylamino, but not limited 
thereto • 

Examples of substituted or unsubstituted 
carbonyl groups include acetyl, propionyl, isobutylyl, 

10 methacryloyl, benzoyl, naphthoyl, anthrayl and 
toluoyl, but not limited thereto. 

Examples of substituted or unsubstituted alkoxy 
groups include methoxy, ethoxy, propoxy, 2-ethyl- 
octyloxy, phenoxy, 4-butylphenoxy and benzyloxy, but 

15 not limited thereto. 

Examples of substituted or unsubstituted 
sulfide groups include methylsulf ide, ethylsulfide, 
phenylsulfide and 4 -methylphenyl sulfide, but not 
limited thereto. 

20 Examples of substituents that may be owned by 

the above substituents include alkyl groups such as 
methyl, ethyl, n-propyl, iso-propyl, tert-butyl, 
octyl, benzyl, phenethyl and the like; alkoxy groups 
such as aralkyl, methoxy, ethoxy, propoxy, 2-ethyl- 

25 octyloxy, phenoxy, 4-butylphenoxy, benzyloxy groups 
and the like; aryl groups such as phenyl, 4- 
methylphenyl, 4-ethylphenyl, 3-chlorophenyl, 3,5- 



wo 2004/020548 



PCT/JP2003/010782 



14 



dime thy Iphenyl, triphenylamino, biphenyl, terphenyl, 
naphthyl, anthryl, phenanthryl and pyrenyl; 
heterocyclic groups such as pyridyl, bipyridyl, 
methylpyridyl^ thienyl, terthienyl, propylthienyl, 
5 furyl, quinolyl, carbazolyl and N-ethylcarbazolyl; 
halogen, cyano and nitre, but not limited thereto. 

The compounds shown by general formulas [1] to 
[6] are exemplified by compounds shown by the 
following formulae [IJ-l to [1]-91/ [2]-! to [2] -15, 
10 [3]-l to [3]-14, [4]-l to [4]-21, [5]-l to [5]-14, 

and t6]-l to [6] -7, respectively, but limited to them. 




15 
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Figs* 1 to 6 illustrate preferred examples of 
the organic light-emitting devices of the present 
invention . 

The example of Fig. 1 shows one example having 
a structure in which an anode 2, a light-emitting 
layer 3 and a cathode 4 are provided on substrate 1 
in this order. The light-emitting device of this* 
example is useful when it possesses a hole- 
transporting capability, an electron-transporting 
capability and light-emitting performance singly by 
itself, or when compounds possessing them 
respectively are mixed for use. 

The example of Fig. 2 has the structure in 
which an anode 2, a hole-transporting layer 5, an 
electron-transporting layer 6 and a cathode 4 are 
provided on substrate 1 in this order. This example 
is useful when a material having a hole-transporting 
capability and/or an electron-transporting capability 
is used for their respective layers and a light- 
emitting substance in combination with a mere hole- 
transporting substance or an electron-transporting 
substance having no light-emitting property. In this 
case, the light-emitting layer is comprised of hole- 
transporting layer 5 or electron-transporting layer 6. 

The example of Fig. 3 has the structure in 
which an anode 2, a hole-transporting layer 5 , a 
light-emitting layer 3, an electron-transporting 
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layer 6 and a cathode 4 are provided on a substrate 1 
in this order, a carrier-transporting function and a 
light-einitting function being separated. The 
separation of the light-emitting "layer from the 
5 charge- transporting layers extremely increases the 

freedom of material selection since compounds having 
a hole-transporting property, an electron- 
transporting property or a light-emitting property 
can be used in a suitable combination. For example, 
10 various coitqpounds having different light-emitting 

wavelengths can be used to allow diversification of 
the hue of light emission. Further, it is also 
possible to try to improve the efficiency of light 
emission by effectively confining each carrier or 
15 exciton in the central light-emitting layer 3. 

The example of Fig. 4 has the structure in 
which a hole-injecting layer 7 is arranged between 
anode 2 and hole-transporting layer 5 in the form of 
Fig. 3, which is effective in improving adhesiveness 
20 of anode 2 to hole-transporting layer 5, improving a 
hoie-injecting property, being effective to reduce 
voltage . 

Examples of Figs. 5 and 6 have the structure in 
which a layer for blocking a hole or an exciton from 
25 passing through to the side of the cathode 4 {hole- 
blocking layer 8) is inserted between light-emitting 
layer 3 and electron-transportipg layer 6 in the 
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forms of Figs. 3 and 4. The use of a compound having 
a very high ionization potential as the hole-blocking 
layer 8 is an effective for improving the efficiency 
of light-emission in the structure. 
5 Examples shown in Figs . 1 to 6 are very basic 

device structures, and the structures of the organic 
light-emitting device using the compounds of the 
present invention are not limited to them. It is 
possible to take various laminated structure, for 

10 example, to provide an insulating layer to an 

interface between an electrode and an organic layer, 
to provide an adhesion layer or an interference layer 
or to compose the hole-transporting layer from two 
layers having different ionization potentials. 

15 The compounds represented by general formulas 

[1] to [6] for use in the present invention can be 
used in any forms in Figs. 1 to 6. 

In particular, the organic layer using the 
compounds of the present invention is useful as a 

20 light-emitting layer, an electron-transporting layer 
or a hole-transporting layer. In addition, the layer 
formed by a vacuim deposition process or a solution 
coating process hardly causes crystallization or the 
like and is excellent in the stability with time. 

25 Although the present invention uses the 

compounds represented by the general formulas [1] to 
[6] as constituent components especially for the 
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light-emitting layer, already known hole-transporting 
compounds, light-emitting compounds or electron- 
transporting compounds can also be used together as 
necessary. 

5 Examples of these compounds include the 

f ollowings : 
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Hole-transportina compounds 
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Electron-transporting light-emitting materials 




M : Al , Ga 
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Light-emitting materials 
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Light-emitting layer matrix materials and electron- 
transportina materials 
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Polymer-based hole-transporting 
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Polymer-based light-emitting materials and 
charge-transporting materials 




In the organic light-emitting device of the 
5 present invention^ the layers containing the 

compounds represented by the general foiiaulas [1] to 
[6] and the layers comprising other organic compounds 
are generally formed into thin films by a vacuxam 
, deposition process or a coating process in which they 
10 are dissolved in a suitable solvent. In particular, 

when the film is formed by the coating process, it is 
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also possible to form the film in combination with 
suitable binding resins. 

The above described binding resins can be 
selected from a wide range of binding resins, and 
5 include, but not limited to, polyvinylcarbazole 
resins, polycarbonate resins, polyester resins, 
polyallylate resins, polystyrene resins, acrylic 
resins, methacrylic resins, butyral resins, 
polyvinylacetal resins, diallylphthalate resins, 
10 phenol resins, epoxy resins, silicone resins, 

polysulfone resins, urea resins and the like. In 
addition, one of them or a mixture of two or more of 
them may be used in the form of a homopolymer or a 
copolymer . 

15 The materials for the anode preferably have a 

large work function, and elemental metals such as 
gold, platinum, nickel, palladium, cobalt, serene, 
vanadium and alloys thereof and metal oxides such as 
tin oxides, zinc oxides, indium tin oxides (ITO) and 

20 indium zinc oxides can be used. In addition, 

conductive polymers such as polyaniline, polypyrrole, 
polythiophene and poyphenylene sulfide can be used. 
These electrode materials can be. used singly or in 
combination . 

25 The materials for the cathode preferably have a 

small work function, and elemental metals such as 
lithium, sodium, potassium, calcium, magnesium, 
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aluminvim, indium, silver, lead, tin and chrome and 
alloys thereof can be used. Metal oxides such as 
indium tin oxides (ITO) can also be used: Moreover, 
the cathode may have one-layered structure or may 
5 have a multilayered structure. 

The substrates for use in the present invention 
include, but not limited to, metal substrates, opaque 
substrates such as ceramic substrates, transparent 
substrates such as glass, quartz and plastic sheet. 
10 Moreover, it is possible to control the color of 
endtted light using a color filter film, a 
fluorescent color conversion filter film, a 
dielectric reflecting film and the like for the 
substrate . 

15 Furthermore, a protective layer or a sealing 

layer can also be provided to the prepared device for 
the purpose of preventing contact with oxygen, 
moisture and the like. The protective layer includes 
an inorganic material film such as a diamond thin 
20 film, a metal oxide or a metal nitride; a polymeric 
film such as a fluororesin, polyparaxylene, 
polyethylene, a silicone resin and a polystyrene 
resin; a photo-curable resin or the like. Moreover, 
the device itself can be covered with glass, a gas- 
25 impermeable film, metal or the like and packaged with 
a suitable sealing resin. 
Exaic^les 
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The present invention will now be described in 
detail with reference to examples, but the present 
invention is not limited to them. 
<Example 1> 

5 An organic light-emitting device having the 

structure shown in Fig. 3 was prepared in a method 
illustrated below. 

On a glass substrate as substrate 1, indium tin 
oxide (ITO) of 120 nra in thickness as anode 2 was 
10 deposited by a sputtering process and ultrasonically 
cleaned with acetone and isopropyl alcohol (IPA) in 
this order, and dried by boiling with IPA after the 
cleaning. Further, it was cleaned with UV/ozone. The 
resultant structure is referred to a transparent 
15 conductive supporting substrate. 

There was prepared a 0.5% by weight chloroform 
solution of the compound represented by the following 
structural formula: 
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The solution was dropped on the ITO electrode 
{anode 2) of the transparent conductive supporting 
substrate, and was subjected to a spin coating first 
at a revolution of 500 RPM for 10 seconds and then at 
5 a revolution of 1,000 RPM for one minute to form a 
film. It was dried in a vacuxm oven at 80**C for 10 
minutes to completely remove the solvent in the thin 
film. The formed TPD film (hole-transporting layer 
5) had a thickness of 50 nm- 
10 On hole- transporting layer 5 the above 

illustrated compound No.[l]"6 and the above 
illustrated compound No.[2]-l (weight ratio of 5:100) 
were subjected to co-deposition to provide light- 
emitting layer 3 of 20 nm. As for the conditions, 
15 the degree of vacuum at the deposition was 1-0 x lO'^ 
Pa and the speed of deposition was 0.2 to 0.3 nm/sec. 
Moreover, aluminum-quinolinol (Alq3) was deposited by 
a vacuum deposition process in a thickness of 40 nm 
to form electron-transporting layer 6. As for the 
20 conditions for depositing these organic layers, the 
degree of vacuum at the deposition was 1.0 x 10"^ Pa 
and the speed of deposition was 0.2 to 0.3 nm/sec. 

Next, a vapor deposition material comprised of 
an aluminum-lithixim alloy (lithiiom concentration of 1 
25 atomic %) was used to form a metal layer film having 
a thickness of 10 nm on electron-transporting layer 6 
by a vacuum deposition process, and further by the 
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vacuum deposition process an aluminum layer having a 
thickness of 150 nm was provided to form an electron- 
injecting electrode (cathode 4) • As for the 
conditions, the degree of vacuum at the vapor 
5 deposition was 1.0 x 10"* Pa and the speed of 
deposition was 1.0 to 1.2 nm/sec. 

The resultant structure was covered with a 
protective glass plate and sealed with an acrylic 
resin-based adhesive material in a dry air atmosphere 
10 to- prevent the degradation of the device due to 
moisture absorption. 

When the thus obtained organic EL device was 
applied with a direct-current voltage of 9 V using an 
ITO electrode (anode 2) as a positive electrode and 
15 an Al-Li electrode (cathode 4) as a negative 

electrode, the emission of blue light having an 
emission luminance of 1,250 cd/m^, a maximiam 
luminance of 3,770 cd/m^ and a luminous efficiency of 
0,45 Im/W- was observed. 
20 <Examples 2 to 7> 

Devices were prepared and evaluated in the same 
manner as in Example 1 except that illustrated 
compounds shown in Table 6 replaced the illustrated 
compound [l]-6. The results are shown in Table 6. 
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Table 6 



Example 


Illustrate 
d compound 
No. 


Applied 
voltage 
(V) 


Luminance 
(cd/m*) 


Maximum 
luminance 

(cd/m^) 


Efficiency 
(WW) 


2 


[11-34 


9 


1570 


5200 


0.60 


3 


[11-41 


8 


1840 


6150 


0.65 


4 


[11-46 


9 


1730 


5480 


0.60 


5 


[11-57 


9 


2050 


6990 


0.67 


6 


111-64 


8 


2200 


7270 


0.72 


7 


[11-66 


8 


2600 


7700 


0.85 



<Example 8> 

A device was prepared in the same manner as in 
5 Example 1 except that the above illustrated compound 
No.tl]-41 and the above illustrated compound No.[2]- 
15 (weight ratio of 5:100) replaced the above 
illustrated compound No.[l]-6 and the above 
illustrated compound No.[2]-l respectively to be 

10 subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 
direct-current voltage of 9 V using an ITO electrode 
(anode 2) as a positive electrode and an Al-Li 

15 electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 1/680 cd/m^, a maximtjm luminance of 4,650 cd/m^ and 
a luminous efficiency of 0.57 Im/W was observed. 
<Example 9> 

20 A device was prepared in the same manner as in 
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Example 8 except that the illustrated compound 
No.[l]-57 replaced the illustrated compound No* [11-41. 

When the obtained device was applied with a 
direct-current voltage of 9 V using an ITO electrode 
5 (anode 2) as a positive electrode and an Al-Li 

electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 1,850 cd/m^, a maximum luminance of 4,950 od/w? and 
a luminous efficiency of 0.58 Im/W was observed. 

10 <Example 10> 

A device was prepared in the same manner as in 
Example 1 except that the above illustrated compound 
No.[l]~41 and the above illustrated compound No. [3]-!' 
(weight ratio of 5:100) replaced the above 

15 illustrated compound No.[l]-6 and the above 

illustrated compound No.[2]-l respectively to be 
subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 

20 direct-current voltage of 8 V using an ITO electrode 
(anode 2) as a positive electrode and an Al-Li 
electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 2,150 cd/m^, a maximum luminance of 6,840 cd/m^ and 

25 a luminous efficiency of 0.71 Im/W was observed. 
<Example 11> 

A device was prepared in the same manner as in 
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Example 10 except that the illustrated compound 
No.[lJ-39 replaced the illustrated compound No-[l]-41. 

When the obtained device was applied with a 
direct-current voltage of 8 V using an ITO electrode 
5 (anode 2) as a positive electrode and an Al-Li 

electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 2,370 cd/m^, a maximum luminance of 7,320 cd/m^ and 
a luminous efficiency of 0.73 Im/W was observed. 
10 <Example 12> 

A device was prepared in the same manner as in 
Example 1 except that the above illustrated compound 
No.[l]-46 and the above illustrated compound No. [41-1 
(weight ratio of 5:100) replaced the above 
15 illustrated compound No.[l]-6 and the above 

illustrated compound No. [2] -1 respectively to be 
subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 
20 direct-current voltage of 8 V using an ITO electrode 
(anode 2) as a positive electrode and an Al-Li 
electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 2,200 cd/m^r a maximum luminance of 6,760 cd/m^ and 
25 a luminous efficiency of 0.72 Im/W was observed. - 
<Example 13> 

A device was pa^epared in the same manner as in 
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Example 1 except that the above illustrated compound 
No.[l]-41 and the above illustrated compound No.[5]-2 
(weight ratio of 5:100) replaced the above 
illustrated compound No.[l]-6 and the above 
5 illustrated compound No. [2]--l respectively to be 
subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 
direct-current voltage of 8 V using an ITO electrode 

10 (anode 2) as a positive electrode and an Al-Li 

ele,ctrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 3,100 cd/m^., a maximum luminance of 7,250 cd/m^ and 
a luminous efficiency of 1.02 Im/W was observed. 

15 <Example 14> 

A device was prepared in the same manner as in 
Example 1 except that the above illustrated compound 
No.[l]-39 and the above illustrated compound No. [5] -9 
(weight ratio of 5:100) replaced the above 

20 illustrated compound No.[l]-6 and the above 

illustrated compound No.[2]-l respectively to be 
subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 

25 direct-current voltage of 8 V using an ITO electrode 
(anode 2) as a positive electrode and an Al-Li 
electrode (cathode 4) as a negative electrode, the 
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emission of blue light having an emission luminance 
of 4,500 cd/m^r a maximum luminance of 8,420 cd/w? and 
a luminous efficiency of 1-18 Im/W was observed. 
<Example 15> 

5 A device was prepared in the same manner as in 

Example 1 except that the above illustrated compound 
No.[l]-57 and the above illustrated compound No.[6]-l 
(weight ratio of 5:100) replaced the above 
illustrated compound No.[l]-6 and the above 
10 illustrated compound No.[2]-l respectively to be 
subjected to the co-deposition to provide light- 
emitting layer 3 of 20 nm. 

When the obtained device was applied with a 
direct-current voltage of 9 V using an ITO electrode 
15 (anode 2) as a positive electrode and an Al-Li 

electrode (cathode 4) as a negative electrode, the 
emission of blue light having an emission luminance 
of 1, 980 cd/m^, a maximtim luminance of 5,300 cd/m^ and 
a liaminous efficiency of 0.60 Im/W was observed. 
20 <Examples 16 to 21> 

The eitdssion spectra of the devices prepared 
according to Examples 2, 5, 10, 12, 14 and 15 were 
observed with the MCPD-7000 and the CIE chromaticity 
coordinates were determined. The results are shown 
' 25 in Table 7 . 
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Table 7 



Example 


Example for 
device 


CIE color coordinates 
(X, y) 


16 


2 


0.15, 0.07 


17 


5 


0.15, 0.10 


18 


10 


0.15, 0.09 


19 


12 


0.15, 0.10 


20 


14 


0.16, 0.11 


21 


18 


0.15, 0.10 



10 



15 



<Example 22> 

When the voltage was applied to the device 
prepared in Example 13 for 100 hours while 
maintaining the current density at 7.0 mA/cm^ in a 
nitrogen atmosphere, the initial luminance of 480 
cd/m^ dropped to 410 cd/m^ after 100 hours, exhibiting 
only a small reduction of limiinance. 
<Comparative Example 1> 

A device was prepared in the same manner as in 
Example 1 except that, as light-eitdtting layer 3, 
there was used the following styryl compound: 



V 




When the obtained device was applied with a 
direct-current voltage of 10 V using an ITO electrode 
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(anode 2) as a positive electrode and an Al-Li 
electrode (cathode 4) as a negative electrode, the 
emission of greenish blue white light having an 
emission luminance of 120 cd/m^, a maximum luminance 
5 of 3,800 cd/m^ and a liminous efficiency of 0.17 Im/W 
was observed. 
<Comparative Example 2> 

A device was prepared in the same manner as in 
Example 1 except that the styryl compound in 

10 Comparative Example 1 and the above illustrated 

compound No.[4]-l (weight ratio of 5:100) replaced 
the above illustrated compound No. [11-6 and the above 
illustrated compound No.[2]--l respectively to be 
subjected to the co-deposition to provide light- 

15 emitting layer 3 of 20 nm. 

When the obtained device was applied with a 
direct-current voltage of 10 V using an ITO electrode 
(anode 2) as a positive electrode and an Al-Li 
electrode (cathode 4) as a negative electrode, the 

20 emission of greenish blue/white light having an 

emission luminance of 125 cd/m^, a maximum luminance 
of 4,500 cd/m^ and a luminous efficiency of 0.30 Im/W 
was observed. 
<Comparative Example 3> 

25 The emission spectrum of the device prepared 

according to Comparative Example 2 was observed with 
the MCPD-7000 and the CIE chromaticity coordinates 
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were determined to be (x, y)=(0.16, 0.30) • 

As described above by illustrating embodiments 
and examples, the organic light-emitting devices of 
the present invention provide the emission having 
5 high luminance at a low applied voltage and are also 
excellent in color purity and durability, as a single 
layer or a mixed layer of a dopant/host by combining 
any of [2] to [6] with [1] . Moreover, it is possible 
to prepare the devices by using a vacuum deposition 
10 process, casting process or the like, and the devices 
having a large area can be prepared easily at a 
relatively low cost. 
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CLAIMS 

An organic light-emitting device comprising 
a pair of electrodes consisting of an anode and a 
cathode and an organic compound- containing layer 
5 sandwiched between the pair of electrodes, wherein at 
least one layer of the organic compound-containing 
layers contains 

at least one compound selected from the group 
consisting of compounds represented by general 
• 10 formula [1] : 




wherein 

Yi and Y3 can be bonded to Y2 and Y4 respectively 
15 to form a ring, and Xi and X3 can be bonded to Yi 
and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

Xi, X2 and X3 are the same or different and are 
each independently a direct bond or a divalent group 
20 selected from the group consisting of alkylene, 
aralkylene, arylene, divalent heterocyclic, 
alkenylene, imino, -SiHa-/ silylene, carbonyl, ether 
and thioether, each having no substituent or a 
substituent which can include a linking group 
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consisting of arylene or divalent heterocyclic, each 
having no substituent or a substituent; 

Yi to Y4 are the same or different and are each 
independently a group selected from the group 
5 consisting of alkyl, aral-kyl, aryl, heterocyclic, 

amino, silyl, alkylene, aralkylene, alkenylene, imino, 
-SiHa-, silylene, carbonyl, ether and thioether, each 
having no substituent or a substituent which can 
include a linking group consisting of arylene or 
10 divalent heterocyclic, each having no substituent or 
a substitutent; 

Ri to Rs are the same or different and are each 
independently hydrogen, halogen or a group selected 
from the group consisting of alkyl, aralkyl and aryl, 
15 each having no substituent or a substitutent; and 

m+n is an integer from 0 to 10, and 

at least one compound selected from the group 
consisting of compounds represented by general 
formula [2] : 




An 



[2] 



20 



R9 



wherein Ari to Ara are the same or different and are 



each independently hydrogen or a group selected from 
. the group consisting of aryl, heterocyclic, alkyl and 
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aralkyl, each having no substituent or a substituent; 
and R9 to Rii are the same or different and are 
hydrogen, halogen, cyano, a substituted amino or a 
group selected from the group consisting of alkyl, 
5 aralkyl and amino, each having no substituent or a 
substituent . 



2. An organic light-emitting device comprising 
a pair of electrodes consisting of an anode and a 
10 cathode and an organic compound-containing layers 

sandwiched between the pair of electrodes, wherein ai 
least one layer of the organic compound-containing 
layers contains 

at least one compound selected from the group 
15 consisting of compounds represented by general 



formula [1] : 




wherein 

Yi and Y3 can be bonded to Y2 and Y4 respectively 
to form- a ring, and Xi and X3 can be bonded to Yi 
and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

Xi, X2 and X3 are the same or different and are 
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10 



each independently a direct bond or a divalent group 
selected from the group consisting of alkylene, 
aralkylene, arylene, divalent heterocyclic, 
alkenylene, imino, -SiHa-, silylene, carbonyl, ether 
and thioether, each having no substituent or a 
substituent which can include a linking group 
consisting of arylene or divalent heterocyclic, each 
having no substituent or a substituent; 

Yi to Y4 are the same or different and are each 
independently a group selected from the group 
consisting of alkyl, aralkyl, aryl, heterocyclic, 
amino, silyl, alkylene, aralkylene, alkenylene, imino, 
-SiHa-, silylene, carbonyl, ether and thioether, each 
having no substituent or a substituent which can 
15 include a linking group consisting of arylene or 

divalent heterocyclic, each having no substituent or 
a substitutent; 

Ri to Re are the same or different and are each 
independently hydrogen, halogen or a group selected 
from the group consisting of alkyl, aralkyl and aryl, 
each having no substituent or a substitutent; and 
m+n is an integer from 0 to 10, and 

at least one compound selected from the group 
consisting of compounds represented by general 
25 formula [3] : 



20 
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Ar4 



6 I 



[3] 



wherein Ar4 to Ar? are the same or different and are 
each independently a group selected from the group 
5 consisting of aryl, and heterocyclic, each having no 
substituent or a substituent; and R12 and R13 are the 
same or different and are hydrogen, halogen, cyano, a 
substituted amino or a group selected from the group 
consisting of alkyl and aralkyl, each having no 
10 substituent or a substituent, 



3. An organic light-emitting device comprising 
a pair of electrodes consisting of an anode and a 
cathode and an organic compound-containing layer 
15 sandwiched between the pair of electrodes, wherein at 
least one layer of the organic compound-containing 
layers contains 

at least one compound selected from the group 
consisting of compounds represented by general 
20 formula [1] : 



wo 2004/020548 



PCT/JP2003/010782 



65 




wherein 

Yi and Y3 can be bonded to Y2 and Y4 respectively 
5 to form a ring, and Xi and X3 can be bonded to Yi 
and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

Xi, X2 and X3 are the same or different and are 
each independently a direct bond or a divalent group 

10 selected from the group consisting of alkylene, 
aralkylene, arylene, divalent heterocyclic, 
alkenylene, imino, -SiH2-, silylene, carbonyl, ether 
and thioether, each having no substituent or a 
substituent which can include a linking group 

15 consisting of arylene or divalent heterocyclic, each 
having no substituent or a substituent; 

. Yi to Y4 are the same or different and are each 
independently a group selected from the group 
consisting of alkyl, aralkyl, aryl, heterocyclic, 

20 amino, silyl, alkylene, aralkylene, alkenylene, imino, 
-SiHa-, silylene, carbonyl, ether and thioether, each 
having no substituent or a substituent which can 
include a linking group consisting of arylene or 
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divalent heterocyclic, each having ho substituent or 
a substitutent; 

Ri to Rs are the same or different and are each 
independently hydrogen, halogen or a group selected 
5 from the group consisting of alkyl, aralkyl and arylr 
each having no substituent or a substitutent; and 
m+n is an integer from 0 to 10, and 

at least one compound selected from the group 
consisting of compounds represented by general 
10 formula [4] : 



wherein Are to Ari2 are the same or different and are 
each independently a group selected from the group 

15 consisting of aryl and heterocyclic, each having no 
substituent or a substituent; and R14 is hydrogen, 
halogen, cyano, a substituted amino or a group 
selected from the group consisting of alkyl, aralkyl, 
aryl and heterocyclic, each having no substituent or 

20 a substituent. 



Ar,, 





[4] 



4. An organic light-emitting device comprising 
a pair of electrodes consisting of an anode and a 
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cathode and an organic compound- containing layers 
sandwiched between the pair of electrodes, wherein at 
least one layer of the organic compound-containing 
layers contains 
5 at least one compound selected from the group 

consisting of compounds represented by general 
formula [1] : 




10 wherein 

Yi and Y3 can be bonded to Y2 and Y4 respectively 
to form a ring, and Xi and X3 can be bonded to Yi 
and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

15 Xi, X2 and X3 are the same or different and are 

each independently a direct bond or a divalent group 
selected from the group consisting of alkylene, 
aralkylene, arylene, divalent heterocyclic, 
alkenylene, imino, -SiHa-, silylene, carbonyl, ether 

20 and thioether, each having no substituent or a 
substituent which can include a linking group 
consisting of arylene or divalent heterocyclic, each 
having no substituent or a substituent; 
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Yi to Y4 are the same or different and are each 
independently a group selected from the group 
consisting of alkyl, aralkyl, aryl, heterocyclic, 
amino, silyl, alkylene, aralkylene, alkenylene, imino, 
5 -SiHa-, silylene, carbonyl, ether and thioether, each 
having no substituent or a substituent which can 
include a linking group consisting of arylene or 
divalent heterocyclic, each having no substituent or 
a substitutent; 
10 Ri to Ra are the same or different and are each 

independently hydrogen, halogen or a group selected 
from the group consisting of alkyl, aralkyl and aryl, 
each having no substituent or a siibstitutent; and 
m+n is an integer from 0 to 10, and 
15 at least one compound selected from the group 

consisting of compounds represented by the following 
general formula [5] : 

Ari3' 

Ri5 \/ '^le [5] 
Ari4- 

20 wherein Ar^ to Arie are the same or different and are 
each independently a group selected from the group 
consisting of aryl and heterocyclic, each having no 
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10 



15 



20 



substituent or a substituent, and any one to three of 
Ari3 to Ari6 can be hydrogen or a group selected from 
the group consisting of alkyl and aralkyl, each 

^ • nt or a substituent; and Ris to Rie 

are the same or different and are. hydrogen, halogen, 
cyano, a substituted amino or a group selected from 
the group consisting of alkyl, aralkyl, aryl and 
heterocyclic, each having no substituent or a 
sxibstituent . 

5. An organic light-emitting device comprising 
a pair of electrodes consisting of an anode and a 
cathode and an organic compound-containing layer 
sandwiched between the pair of electrodes, wherein at 
least one layer of the organic compound-containing 
layers contains 

at least one compound selected from the group 
consisting of compounds represented by the following 
general formula [1]: 

\R3 R4/m \R7 Rs/n 





[1] 



wherein 

Yi and Y3 can be bonded to Y2 and Y4 respectively 
to form a ring, and Xi and X3 can be bonded to Yi 
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and/or Y2 and Y3 and/or Y4 respectively to form a 
ring; 

Xi, X2 and X3 are the same or different and are 
each independently a direct bond or a divalent group 
5 selected from the group consisting of alkylene, 
aralkylene, arylene, divalent heterocycliCr 
alkenylene, imino, -SiH2-, silylene, carbonyl, ether 
and thioether, each having no substituent or a 
substituent which can include a linking group 

10 consisting of arylene or divalent heterocyclic, each 
having no substituent or a substituent; 

Yi to Y4 are the same or different and are each 
independently a group selected from the group 
consisting of alkyl, aralkyl, aryl, heterocyclic, 

15 amino, silyl, alkylene, aralkylene, alkenylene, imino, 
-SiH2-, silylene, carbonyl, ether and thioether, each 
having no substituent or a substituent which can 
include a linking group consisting of arylene or 
divalent heterocyclic, each having no substituent or 

20 a substitutent; 

Ri to Re are the same or different and are each 
independently hydrogen, halogen or a group selected 
from the group consisting of alkyl, aralkyl and aryl, 
each having no substituent or a substitutent; and 

25 m+n is an integer from 0 to 10, and 

at least one compound selected from the group 
consisting of compounds represented by the following 
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wherein R19 and R20 are the same or different and are 
5 hydrogen or a group selected from the group 

consisting of a alkyl, aralkyl and aryl, each having 
no substituent or a s\ibstituent ; any pair of R19 
combined to their respective fluorene structures are 
the same or different to each other; any pair of R20 

10 combined to their respective fluorene structures are 
the same or different to each other; R21 to R24 are 
hydrogen, halogen, cyano, a substituted silyl or a 
group selected from the group consisting of alkyl, 
aralkyl and alkoxy, each having no substituent or a 

15 substituent; and p is an integer from 2 to 10. 

6. The organic light-emitting device according 
to claim 1, wherein the layer containing the 
compounds represented by general formulas [1] and [2] 

20 is a light-emitting layer. 

7. The organic light-emitting device according 
to claim 2, wherein the layer containing the 
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compounds represented by general formulas [1] and [3] 
is a light-emitting layer. 

8. The organic light-emitting device according 
5 to claim 3, wherein the layer containing the 

compounds represented by general formulas [1] and [4] 
is a light-emitting layer. 

9. The organic light-emitting device according 
10 to claim 4, wherein the layer containing the 

compo\inds represented by general formulas [1] and [5] 
is a light-emitting layer. 

10. The organic light-emitting device according 
15 to claim 5, wherein the layer containing the 

compounds represented by general formulas [1] and [6] 
is a light-emitting layer. 
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FIG. 2 



wo 2004/020548 



PCT/JP2003/010782 



2/3 



FIG. 3 



4 

-6 

-3 
'5 

'2 



FIG. 4 
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